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(54) BALL CONNECTING BODY, AND LINEAR GUIDE DEVICE AND BALL SCREW DEVICE 
UTILIZING THE BALL CONNECTING BODY 



(57) A ball connecting body has a large number of 
balls aligned in a line and supports the balls in such a 
manner as to be capable of rolling, and is used by being 
assembled into a linear guide device for endless sliding 
or a ball endless track of a ball screw device. Particu- 
larly, this ball connecting body can be freely bent or 
twisted in use. The ball connecting body comprises a 
large number of balls aligned in a line with predeter- 
mined gaps between them and connecting belts for 
turnably supporting these balls and connecting adjacent 



balls to one another, wherein the connecting body belt 
includes four belt members shaped into a web shape 
extending along the spherical surfeces of the balls and 
moreover, coming into contact with a plurality of balls, 
and each of the belt members is connected to the others 
between the mutually adjacent t^lls, and is shaped into 
a contracted shape having a diameter smaller than tiie 
outer diameter of the t>all. 



Fig. 1 
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Description 

Technical Field 

The present invention relates to a ball connector In 
which a number of balls are arranged in one row and 
held rollably and which is used by being integrated, for 
example, to a linear guide device for endless sliding and 
a ball endless track of a ball screw device, particularly to 
a ball connector which can be used by freely flexing or 
twisting the ball connector 



Background Art 

Conventionally, as a linear guide device for guiding 
a movable body such as a table or the like along a fixed 
unit such as a bed or the like, there has been known a 
bearing for linear sliding in which a sliding base can-ying 
a movable body such as a table or the like is moved 
along a track rail arranged on a fixed unit such as a bed, 
a saddle or the like, or a ball spline device in which a 
cylindrical nut member fitted to a spline shaft is moved 
along the spline shaft via balls. 

Among them, as a former bearing for linear sliding, 
there has been known a constitution comprising a track 
rail having a ball rolling groove, a sliding base having a 
load rolling groove opposed to the tall rolling groove as 
well as a ball return hole in parallel therewith, having a 
direction change path for guiding balls from the load roll- 
ing groove to the ball return hole and moved along the 
track rail, and a number of balls rolling between the slid- 
ing base and the track rail while carrying a load and cir- 
culating an endless track constituted by the load rolling 
groove, the ball return hole and the direction change 
path of the sliding base. 

Further, as a latter bait spline device, there has 
been known a constitution conrprising a spline shaft 
having a ball rolling groove along the axial direction and 
a nut member having a load rolling groove opposed to 
the ball rolling groove and fitted to the outer periphery of 
the spline shaft via balls, where the nut member Is 
moved along the spline shaft similarly in accordance 
with endless circulation of the balls and which is used by 
transmitting torque mutually between the nut member 
and the spline shaft. 

According to the conventional linear guide device 
constituted as described above, the endless track of a 
sliding member such as the sIkJing base or the nut 
member is filled with the balls and accordingly, when the 
sliding member is moved along the track rail or a guide 
shaft such as the spline shaft, the balls contiguous to 
each other are circulated in the endless track while col- 
liding with each other or rubbing each other and there 
poses a problem where the balls are worn at an early 
stage and the device life is shortened. 

Hence, as means for resolving such a problem, 
there has been proposed a bearing for linear sliding in 
which a ball connector where a number of balls are 
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aligned and held is integrated to the endless track (Jap- 
anese Unexamined Patent Publication No. JP-A-5- 
52217). As shown by Fig. 25 and Fig. 26, according to 
such a ball connector 200. spacers 202 are interposed 
5 among respective balls 201 contiguous to each other, 
the spacers 202 are connected by a pair of strlp-IIke 
connecting members 203 along a direction of arranging 
the balls by which the balls 201 are connected in a 
rosary-like shape and the ball connector is fabricated by 
10 mokling flexible resin by injection molding in which the 
balls 201 are arranged in a die as cores. 
- - - According to the conventional bearing fbr linear ^ 
sliding constituted as described at>ove, as shown by 
Fig. 27, the above-described ball connector 200 is inte- 
rs grated to a ball return hole 205 and direction change 
paths 206 of a sliding base 204 and circulated in the 
endless track and in this case, the spacers 202 are 
interposed among the balls 201 contiguous to each 
other and accordingly, mutual friction or collision among 
so the balls is prevented and wear of the balls 201 can be 
prevented as less as possible. 

Meanwhile, in circulating the balls in the endless 
track, the ball relieved of a load needs to be scooped up 
from the ball rolling groove of the track rail to the direc- 
ts tion change path of the sliding base and in such a 
scoop-up operation, as shown by Fig. 28. it is preferable 
to guide the ball 201 in a direction where a ball rolling 
groove 208 of the track rail 207 and a load rolling groove 
209 of the sliding base 204 are opposed to each other 
30 (hereinafter, described as ball contact direction). 
Because when the l^all 201 is guided in such a direction, 
meandering of the ball 201 in the direction change path 
206 is prevented and circulation of the ball 201 in the 
endless track of the sliding base 204 is canled out 
35 smoothly. 

Meanwhile, from a standpoint of avoiding magnify- 
ing of the sliding base 204, there is a case where forma- 
tion of the ball return hole 205 in the ball contact 
direction is not necessarily proper and there is a case 
40 where the ball return hole 205 cannot be formed in the 
ball contact direction tbr avoiding interference with a tap 
hole since the tap hole is formed at the sliding l>ase 204 
to fix a movable body such as a table or the like. 

Accordingly, in order to promote the degree of free- 
45 dom of a position of forming the ball return hole 205 in 
respect of the sliding base 204 while achieving smooth 
formation of circulation of the balls 201 in the endless 
track, as shown by Fig. 29, the direction change path 
206 for guiding the balls from the load rolling groove 209 
so to the ball return hole 205 needs to form to bend from 
the ball contact direction. 

Further, in the case of considering the inherent role 
of the direction change path where the direction of roll- 
ing the balls is reversed, it is preferable that the swirl 
55 radius of the balls in such a direction change path is 
large and for that purpose, the length of the direction 
change path needs to set long. However, in the case 
where the ball return hole is positioned in the ball con- 
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tact direction in view from the load rolling groove, vvhen 
the length of the direction change path is set long, an 
interval between the load rolling groove and the ball 
return hole is naturally widened and magnification of the 
sliding base cannot be avoided. 

Accordingly, also in view thereof, the ball return 
hole needs to form at an arbitrary position of the sliding 
t>ase and the direction change path for communicating 
and connecting the ball return hole with the load rolling 
groove needs to form to bend. 

However, according to such a conventional ball 
connector 200, side edges of the strip-like connecting 
members 203 for connecting the respective spacers 
202 are linearly formed and therefore, there poses a 
problem in which although the ball connector 200 is 
easy to t^end in a direction intersecting with the faces of 
the connecting members 203 (arrow line A direction in 
Fig. 26), the ball connector 200 is difficult to bend tn a 
direction in parallel with the faces of the connecting 
members 203 (arrow line B direction in Fig. 25), when 
the direction change path 206 is bent to deviate from the 
ball contact direction as mentioned above, the ball con- 
nector 200 is obliged to integrate into the endless track 
by forcibly bending it and therefore, smooth circulation 
of the ball connector 200 cannot be expected. 

Therefore, according to the conventional linear 
guide device using the ball connector, when smooth- 
ness of circulation of the ball connector in the endless 
track is considered, the ball return hole is obliged to 
form in the ball contact direction in view from the load 
rolling groove which constitutes one factor for nnagnify- 
ing the sliding base. 

Further, according to the conventional ball spline 
device described above, from a standpoint of achieving 
to downsize the nut member, the ball return hole needs 
to install as near to the inner diameter of the nut mem- 
ber as possible and it is difficult to form the ball return 
hole in the ball contact direction in view from the load 
rolling groove similar to the bearing for linear sliding 
mentioned at)ove. 

Therefore, when the conventional ball chain shown 
by Fig, 25 Is integrated to the endless track of the ball 
spline device, smooth circulation of the ball chain can- 
not be expected. 

Meanwhile, according to a ball screw device which 
is used with a purpose of converting rotational move- 
ment of a motor into linear movement and which consti- 
tutes a linear guide unit of a machine tool or the like by 
k>eing used along with the linear guide device men- 
tioned above, a screw shaft and a nut member are in 
mesh with each other via balls and the nut member is 
similarly provided with an endless track for the balls. 
Accordingly, from a standpoint of preventing wear of the 
balls circulating at inside of the nut member, it Is prefer- 
able also for the ball screw device to integrate a ball 
connector to the endless track. However, as already has 
been explained, the conventional ball connector is pro- 
vided with a structure where it is easy to bend only in 



specific directions and accordingly, it is difficult to inte- 
grate the bail connector to the ball endless track of the 
t^all screw device. 

That is. in integrating the ball connector to the ball 

5 endless track of the ball screw device, the ball connec- 
tor needs to wind spirally in respect of the screw shaft. 
Accordingly, the ball connector needs to circulate not 
planarly but sterically and in the case of the conven- 
tional ball connector having small degree of freedom in 

10 respect of the bending direction, smooth circulation of 
the ball connector in the endless track cannot be 
expected. Further, when the ball connector is integrated 
to the k^all screw device, the ball connector is obliged to 
circulate in the endless track in a state accompanied by 

75 more or less twist and when the conventional ball con- 
nector having a low degree of freedom in respect of the 
bending performance is used by forcibly twisting it, there 
is a concern where the balls are detached from the ball 
connector per se. 

20 

Disclosure of the Invention 

The present invention has been carried out in view 
of such a problem and it is an object of the present 
25 invention to provide a ball connector capable of flexing 
compliantly in any direction and capable of circulating at 
inside of a ball endless track in a state where balls are 
firmly held even in the case where it is flexed, twisted or 
the like. 

30 Further, it is other object of the present invention to 
provide a linear guide device and a ball screw device 
utilizing such a ball connector. 

That is, a ball connector according to the present 
invention is a ball connector constituted by a number of 

35 balls arranged in one row at predetermined intervals 
and a flexible connector belt for rotatably holding the 
balls and connecting together the balls contiguous to 
each other, the connector belt including four of belt 
members formed in a strip-like shape along peripheral 

40 faces of the balls and brought into contact with the plu- 
rality of balls, wherein the belt members are connected 
mutually with other ones of the belt members at inter- 
mediaries of the balls contiguous to each other and the 
connector belt is formed in a shape constricted in com- 

45 parison with an outer diameter of the ball at positions of 
the intermediaries connecting the balls. 

Further, according to a linear guide device of the 
present invention utilizing the ball connector, the linear 
guide device is constituted by a guide shaft having ball 

so rolling grooves for rolling balls in a longitudinal direction 
and a slide member having load rolling grooves for roll- 
ing the balls while carrying a load between the guide 
shaft and the load rolling grooves, having endless tracks 
for circulating the balls and moved along the guide shaft 

55 in accordance with circulation of the balls, wherein the 
ball connector is integrated to one of the endless tracks 
and the bail connector is circulated in the endless track 
in accordance with a relative movement between the 
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guide shaft and the slide member. 

Further, according to a ball screw device of the 
present invention using the ball connector, the ball 
screw device is constituted by a screw shaft having ball 
rolling grooves in a spiral shape for rolling balls at outer 
peripheral faces thereof and a nut member having load 
rolling grooves in a spiral shape for rolling the baits while 
carrying a load between the screw shaft and the load 
rolling grooves, having endless tracks for circulating the 
balls and screwed to the screw shaft via the balls, 
wherein the ball connector is integrated to one of the 

endless tracks and the ball connector is circulated in the 

endless track in accordance with a relative movement 
between the screw shaft and the nut member. 

According to the ball connector of the present 
invention, the connector belt is provided with four of the 
belt members formed in a strip-like shape along the 
spherical faces of the balls and brought into contact with 
the plurality of balls, the belt members are connected 
mutually with other ones of the belt members at the 
intermediaries of the balls contiguous to each other and 
accordingly, the individual balls are brought into a state 
where they are embraced by the belt members from four 
directions and the balls do not come off from the con- 
nector belt even in the case where the ball connector is 
flexed or twisted considerably. 

Accordingly, even in the case where the slider of the 
linear guide device is drawn from the track rail or in the 
case where the nut member of the ball screw device is 
drawn from the screw shaft, the balls can be prevented 
from coming off the slider or the nut member before- 
hand without using a ball retainer. 

Further, the connector belt is formed in a shape 
constricted In comparison with the outer diameter of the 
ball at positions where four of the belt members are cou- 
pled with each other, that is, at intermediaries of the 
balls contiguous to each other and accordingly, the bail 
connector Is provided with a structure In which ft is easy 
to flex compliantly in any direction at the positions and 
easy to absorb twist operated on the ball connector. 
Therefore, the ball connector can be used by being 
flexed or twisted in a free direction In-espective of posi- 
tions of forming the belt members in respect of the ball 
row and even under such a situation, the ball connector 
can be circulated smoothly on the endless track. 

Brief Description of Drawings 

Fig. 1 is a front view showing an embodiment of a 
ball connector according to the present invention. 

Fig. 2 is a sectional view taken along a line ll-ll of 
the ball connector shown by Fig. 1 . 

Rg. 3 is a sectional view showing a first embodi- 
ment of a bearing for linear sliding to which ball connec- 
tors according to the present invention are applied. 

Fig. 4 is a sectional view showing a ball endless 
track of the bearing for linear sliding shown by Fig. 3. 

Rg. 5 is a sectional view showing a rolling state of 



balls in the ball endless track shown by Fig. 4. 

Rg. 6 is a sectional view showing a second embod- 
iment of a bearing for linear sliding to which ball connec- 
tors according to the present Invention are applied. 
5 Fig. 7 is a sectional view showing a third embodi- 

ment of a bearing for linear sliding to which ball connec- 
tors according to the present invention are applied. 

Rg. 8 is a sectional view showing a fourth embodi- 
ment of a bearing for linear sliding to which ball connec- 
10 tors according to the present invention are applied. 

Fig. 9 is a sectional view showing a fifth embodi- 
" rnent of a ball spline device to which ball connectors^ 
according to the present invention are applied. 

Fig. 10 is a side view showing the fifth embodiment 
IS of the ball spline device to which the ball connectors 
according to the present invention are applied. 

Rg. 1 1 is a sectional view showing a sixth embodi- 
ment of a ball screw device to which ball connectors 
according to the present invention are applied. 
20 Rg. 12 is a front view showing a nut main body 
according to the sixth embodiment. 

Fig. 13 is a sectional view taken from a line XII-XII 
of Fig. 12. 

Fig. 14 is a back view showing a cover member 
25 according to the sixth embodiment. 

Fig. 15 is a sectional view taken along a line XIV- 
XIV of Fig. 14. 

Fig. 16 is a disassembled front view showing a 
return piece according to the sixth embodiment. 
30 Fig. 17 is a disassembled side view showing the 
return piece according to the sixth embodiment. 

Rg. 18 is a perspective view of a lid showing direc- 
tion change paths of balls formed at inside of the lid 
according to the sixth embodiment. 
35 Fig. 19 is a perspective view showing a seventh 
enrt)odiment of a ball screw device to which a ball con- 
nector according to the present invention is applied. 

Figs. 20(a) and 20(b) illustrate a perspective view 
showing a return pipe according to the seventh embod- 
40 iment and a perspective view showing a pipe half of the 
pipe constituting the return pipe. 

Fig. 21 is a perspective view showing an eighth 
embodiment of a t>all screw device to which a t^ll con- 
nector according to the present invention Is applied. 
45 Rg. 22 is a front view showing a deflector according 
to the eighth embodiment. 

Rg. 23 is a plane view showing the deflector 
according to the eighth embodiment. 

Rg. 24 is a sectional view taken along a line XXIV- 
50 XXIV of Fig. 23. 

Rg. 25 is a plane view showing a conventional ball 
chain. 

Fig. 26 is a side view showing the conventional ball 
chain. 

55 Fig. 27 is a sectional view showing a state where 
the conventional ball chain is integrated to an endless 
track of a linear guide device. 

Fig. 28 is an outline view showing a behavior of ball 
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circulation In the case where a ball return hole is 
present in a ball contact direction in respect of a load 
ball groove. 

Fig. 29 is an outline view showing a behavior of ball 
circulation in the case where the ball return hole is 
present at a position deviated from the ball contact 
direction in respect of the load ball groove. 

Explanation of Notations 

1 • • • Ball chain. 2 • • • Connector belt, 3 • • • Ball, 
4 • • • Connecting portion. 5 • • • Belt member 

Best Mode for Carrying out the Invention 

A detailed explanation will be given of a ba\\ con- 
nector and a linear guide device and a ball screw device 
utilizing a ball connector according to the present Inven- 
tion in reference to attached drawings as follows. 

Fig. 1 shows an embodiment of a ball connector 1 
according to the present invention. According to the ball 
connector 1 . a plurality of balls 3 are arranged at a con- 
nector belt 2 made of synthetic resin in one row at pre- 
determined intervals and the balls 3 are freely rotatable 
in a state where they are held by the connector belt 2. 

The connector belt 2 is provided with four of belt 
members 5 formed in a strip-like shape along spherical 
faces of the balls 3 and along a direction of arranging 
the balls 3 and the belt members 4 are mutually con- 
nected to other ones of the belt members 5 among the 
bails 3 contiguous to each other. Further, connecting 
portions 4 in a disk-like shape are formed among the 
balls 3 contiguous to each other, the respective belt 
members 5 are mutually connected to other ones of the 
belt members 5 via the connecting portions 4 and in the 
meantime, the connecting portions 4 serve a role as 
spacers for preventing the balls 3 contiguous to each 
other from being brought into contact with each other. 

As shown by Fig. 2, the belt members 5 are 
arranged upward, downward, leftward and rightward 
from the ball row to divide equally the spherical face of 
the ball 3 into four and restrain the movement of the ball 
3 from four directions such that the ball does not come 
out from a pair of the connecting portions 4 contiguous 
thereto. Further, the belt member 5 is formed along the 
spherical face of the ball 3 and when the ball connector 
1 is observed as a whole, the connector belt 2 consti- 
tutes the most constricted shape at a position of forming 
the connecting portion 4. 

The ball connector 1 is molded by injection molding 
of synthetic resin in which the balls 3 are arranged in a 
die as cores and Is fabricated by removing the connec- 
tor belt 2 along with the balls 3 from the die after mold- 
ing is finished. Further, when the connector belt 2 is 
simply molded by injection molding, the connecting por- 
tions 4 and the belt members 5 of the belt 2 are brought 
into close contact with the balls 3 and the bails 3 cannot 
be rotated freely in respect of the connector belt and 
therefore, according to the embodiment, the ball con- 
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nector 1 after finished with the molding is dipped in a 
lubricant of a mineral oil group and clearances are 
formed between the balls 3 and the connecting portions 
4 or the belt members 5 after awaiting for swelling of the 

5 connector belt 2 over time by which the balls 3 can 
freely t>e rotated. 

Further, according to the ball connector 1 of the 
embodiment constituted as described above, the con- 
nector belt 2 constitutes the most constricted shape 

10 between the balls 3. that Is, the position of forming the 
connecting portion 4 and accordingly, the ball connector 
1 can be flexed freely in any direction at such a position, 
for example, as shown by Fig. 2, the ball connector 1 
can be flexed freely not only in an arrow line "a" direc- 

75 tion where the belt member 5 is present but also In an 
arrow line "b** direction which is disposed between the 
belt members 5 contiguous to each other 

Meanwhile, as mentioned above, the ball connector 
1 is constricted at the positions of forming the respective 

20 connecting portions 4 and therefore, even when the ball 
connector 1 is twisted in an arrow line "c" direction in 
Fig. 2, the connector belt 2 follows the twisting and can 
be deformed with no difficulty. Further, even when the 
connector belt 2 is deformed by following the twisting. 

25 there is no concern of detaching the balls 3 from the 
connector belt 2 since the motion of the balls 3 is con- 
strained from four directions by four sheets of the strip- 
like belt members 5. 



Rg. 3 shows a first embodiment in which the ball 
connector is applied to a bearing for linear sliding. 
In Fig. 3. notation 10 designates a track rail 

35 arranged to a fixed unit of a bed of a machine tool or the 
like, notation 20 designates a sliding base having ball 
endless tracks to which the ball connectors 1 are inte- 
grated and guiding a movable body of a table or the like 
along the track rail 10 and notation 3 designates balls 

40 which are rolled between the track rail 1 0 and the sliding 
base 20 while carrying load and are circulated endlessly 
in the sliding t^ase 20. 

First, the section of the track rail 10 is formed sub- 
stantially in a square shape and a total of two streaks of 

45 ball rolling grooves 11 in a shape of a Gothic arch are 
formed at both side faces thereof along the longitudinal 
direction (direction orthogonal to paper face of Rg. 2). 
Bolt attaching holes 12 are formed in the track rail 1 
along the longitudinal direction at pertinent intervals and 

so the track rail 1 is fixed to the fixed unit by fixing bolts, not 
illustrated, inserted into the tx>lt attaching holes 12. 

Further, the sliding base 20 is provided with a hori- 
zontal portion 20a where attaching faces 21 of the mov- 
able body are formed and a pair of skirt portions 20b 

55 hung down from the horizontal portion 20a by which the 
section is formed substantially In a saddle-like shape 
and load rolling grooves 23 in a shape of a Gothic arch 
opposed to the ball rolling grooves 1 1 of the track rail 10 
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are formed on the inner face side of the respective skirt 
portions 20b. Further, ball return holes 24 in corre- 
spondence with the respective load rolling grooves 23 
are formed at the respective sWrt portions 20b and the 
ball 3 which has finished rolling on the load rolling 
groove 23 and relieved of load is rolled in a direction 
reverse to a direction of rolling on the load rolling groove 
23. 

The sliding base 20 is fabricated by utilizing injec- 
tion molding of synthetic resin. That is, the sliding base 
20 is formed by padding resin portions 22 by injection 
- molding to a block main body 25 made of a metal and 
formed by machining, while portions requiring mechan- 
ical strength such as the movable body attaching faces 
21, the load rolling face 23 of the balls 3 and so on. are 
formed at the l^lock main body 25, portions where 
mechanical strength is not important such as the ball 
return holes 24 and the like are formed by synthetic 
resin and light weight formation of the sliding base 20 is 
achieved as light as possible. 

Fig. 4 is a sectional view showing the ball endless 
track of the sliding base 20 to which the ball connector 1 
is integrated and the endless track is completed by fix- 
ing lids 30 made of synthetic resin to both of forward 
and reanward end faces of the sliding base 20. That is. 
when the lids 30 are fixed to the slider 20, direction 
change paths 32 in a U-4ike shape are completed by fit- 
ting ball guide portions 26 on the side of the sliding base 
20 into U shape grooves 31 on the side of the lids 30 
and the load rolling face 23 and the ball return hole 24 
of the sliding base 20 are connected by the direction 
change paths 32. 

Rg. 5 is a magnified view showing a state of rolling 
the balls in the endless track. 

Escape grooves 27 are formed respectively at the 
deepest portions of the ball rolling groove 11 and the 
load rolling groove 23 formed in a shape of a Gothic 
arch and when the balls 3 are rolling on the rolling 
grooves 23 and 11 . the connecting portions 5 of the ball 
connector 1 are Incorporated in the escape grooves 27. 
Meanwhile, four streaks of guide grooves 28 are formed 
in the ball return hole 24 of the sliding base 20 along the 
longitudinal direction, the connecting portions 5 of the 
ball connector 1 under an unloaded state are guided by 
the guide grooves 28 and meandering of the ball con- 
nector 1 at inside of the ball return hole 24 is prevented. 

Further, according to the bearing for linear sliding of 
the embodiment constituted as described above, when 
the sliding base 20 is moved on the track rail 10. the 
balls 3 are rolled on the load rolling grooves 23 of the 
sliding base 20 and on the ball rolling grooves 11 of the 
track rail 10 and the ball connectors 1 are circulated at 
insides of the endless tracks formed at the sliding base 
20. 

In this case, according to the bearing for linear slid- 
ing of the embodiment, as shown by Fig. 5, the position 
of forming the ball return hole 24 in the sliding base 20 
is deviated upwardly from a direction where the ball roll- 
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ing groove 11 of the track rail 10 and the load rolling 
groove 23 of the sliding base 20 are opposed to each 
other, that is, the ball contact direction and the direction 
change paths 32 for communicating and connecting the 
5 load rolling groove 23 with the ball return hole 24, is 
formed to bend to deviate from the ball contact direc- 
tion. 

However, as mentioned above, the ball connector 1 
adopts the structure by which it is easy to flex compli- 

10 antly in any direction and accordingly, according to the 
bearing for linear sikling of the embodiment, even In the 

" case where the direction change paths 32 are formed to 
bend as shown by Fig. 5, the ball connectors 1 can pass 
through the direction change paths 32 with no difficulty 

IS and smooth formation of circulation of the ball connector 
1 in the endless track can be achieved. 

Second Embodiment 

20 Fig. 6 shows a second embodiment to which a ball 
connector according to the present invention is applied 
to a bearing for linear sliding. 

Although according to the first embodiment, men- 
tioned above, one streak of the ball rolling groove 1 1 is 

25 formed at each of the both side faces of the track rail 1 0. 
according to the linear guide device of the embodiment, 
two streaks of the ball rolling grooves 1 1 are formed at 
each of the both side faces of the track rail 10 and the 
sliding base 20 can be moved on the track rail 10 

30 against a load heavier than that in the first embodiment. 
Further, two streaks of the load ball grooves 23 are 
formed on the side of each of the inner faces of the skirt 
portions 20b of the sliding base 20 and the balls 3 are 
rolled between the load rolling grooves 23 and the ball 

35 rolling grooves 1 1 of the track rail 10. All of the respec- 
tive ball rolling grooves 1 1 and the respective load roll- 
ing grooves 23 are formed in a shape of a Gothic arch 
and the escape grooves 27 for incorporating the con- 
necting portions 5 of the ball connector 1 mentioned 

40 above are similarly formed at the deepest portions of 
the respective grooves 1 1 and 23. 

Furth©-, guide portions 29 made of synthetic resin 
are padded on the sides of the inner faces of the skirt 
portions 20b of the sliding base 20 contiguous to the 

45 load rolling grooves 23 and the guide portions 29 guide 
the connecting portions 5 of the ball connectors 1 by 
which meandering and twisting of the ball connectors 1 
under a loaded state are prevented. Further, with 
respect to other constitution, it is quite the same as that 

50 of the first embodiment mentioned above and accord- 
ingly, the same notations are attached thereto in Fig. 6 
and a detailed explanation thereof will be omitted. 

Also in this embodiment, the direction change paths 
32 for communicating and connecting the load rolling 

55 grooves 23 with the ball return holes 24 are formed to 
bend to deviate from the ball contact directions and as a 
result of integrating the ball connectors 1 excellent in 
flexibility shown by Rg. 1 to the endless tracks, similar to 
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the above-described first embodiment, the bail connec- 
tors 1 can pass through in the direction change paths 32 
with no difficulty and smooth formation of circulation of 
the ball connectors 1 in the endless tracks can be 
achieved. 

Third Embodiment 

In the meantime. Rg. 7 shows a third embodiment 
to which a ball connector according to the present 
invention is applied to a bearing tor linear sliding. 

According to the embodiment, similar to the second 
embodiment mentioned above, two streaks of the ball 
rolling groove 1 1 are formed at each of the both side 
faces of the track rail 10, however, each of the respec- 
tive ball rolling grooves 1 1 is formed not in a shape of a 
Gothic arch where a pair of ball rolling faces are inter- 
sected but in a shape of a circular arc comprising a sin- 
gle ball rolling face. Further, each of the ball rolling 
grooves 11 is formed upwardly or downwardly by mak- 
ing an angle of AS*" in respect of the horizontal direction, 
respectively. 

Further, two streaks of the load ball grooves 23 in a 
shape of a circular arc opposed to the ball rolling 
grooves of the track rail are formed on the side of each 
of the inner faces of the skirt portions 20b of the sliding 
base 20 and the balls 3 are rolled between the load roll- 
ing grooves 23 and the ball rolling grooves 1 1 of the 
track rail 10. Further, also in the sliding base 20. the 
guide portions 29 made of synthetic resin are padded 
on the both sides of the respective load rolling grooves 
23, the guide portions 29 guide the connecting portions 
5 of the ball connectors 1 and meandering and twisting 
of the ball connectors 1 under a loaded state are pre- 
vented. 

However, in this embodiment, there is a concern in 
which when the balls are rolling on the load rolling 
grooves 23 of the sliding base 20 and the ball rolling 
grooves 1 1 of the track rail 10, the belt portions 5 of the 
ball connectors 1 may be brought into contact with the 
load rolling grooves 23 and the ball rolling grooves 1 1 
and accordingly, four of the belt members 5 for embrac- 
ing the ball 3 are not arranged to equally divide the 
spherical face of the t>all 3 into four, and four of the belt 
members 5 are arranged to deviate such that the inter- 
val between two of the belt members 5 disposed on the 
both sides of each o1 the load rolling grooves 23 and the 
ball rolling grooves 11 is widened, incidentally, in 
respect of other constitution, it is quite the same as that 
of the first embodiment mentioned above and accord- 
ingly, the same notations are attached thereto in Fig. 7 
and a detailed explanation thereof will be omitted. 

The load rolling grooves 23 are formed downwardly 
or upwardly with an angle of 45** in respect of the hori- 
zontal direction and accordingly. In the case where 
smooth circulation of the ball 3 is considered, the ball 
return holes 24 are to be formed 45'' upwardly or 45** 
downwardly to the respective load rolling grooves 23. 
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However, when the ball return holes 24 are formed at 
such positions, there is a concern in which an interval 
between the ball return holes 24 contiguous to each 
other in the up and down direction Is increased and the 

5 sliding base is magnified and accordingly, according to 
the embodiment, the respective ball return holes 24 are 
formed contiguously in the horizornal direction of the 
respective load rolling grooves 23 by forming to bend 
the direction change paths 32. 

70 Further, even in the case where the ball return 
holes 24 are formed at such positions, according fo the 
linear guide device of the embodiment, as a result of 
integrating the ball connectors shown by Fig, 1 in the 
endless tracks, the ball connectors 1 can pass through 

r5 at insides of the direction change paths 32 with no diffi- 
culty and smooth formation of circulation of the ball con- 
nectors 1 in the endless tracks can be achieved. 

Fourth Embodiment 

20 

Further, Fig. 8 shows a fourth embodiment to which 
a ball connector according to the present invention is 
applied to a bearing for linear sliding. 

The embodiment shows a linear guide device 

25 where positions of forming the ball rolling grooves 1 1 in 
respect of the guide rail 10 are changed from those in 
the third embodiment and two streaks of the ball roiling 
grooves 1 1 are formed on the upper face of the track rail 
10, meanwhile, one streak of the ball rolling groove 1 1 is 

30 formed at each of the both side faces downwardly with 
an angle of 30**. 

Further, the load rolling grooves 23 are formed in 
the sliding base 20 at positions opposed to the ball roll- 
ing grooves 11 of the track rail 10 and the balls 3 

35 arranged at the ball connectors 1 are roll^ between the 
ball rolling grooves 11 and the load rolling grooves 23 
while carrying load. Incidentally, other constitution is 
quite the same as that in the third embodiment and 
accordingly, the same notations are attached thereto in 

40 Fig. 8 and a detailed explanation thereof will be omitted. 
According to the linear guide device of the fourth 
embodiment, the load rolling grooves 23 directed down- 
wardly are formed at the horizontal portion 20a of the 
sliding base 20 and accordingly, when it is assumed that 

45 the ball return holes 24 in correspondence with the load 
rolling grooves 23 are formed in the ball contact direc- 
tion, the horizontal portion 23 of the sliding base 20 is 
obliged to be thickened to gain the length of the direc- 
tion change paths, however, as shown by Fig. 8. accord- 
so ing to the embodiment, the positions of forming the ball 
return holes 24 are displaced from the ball contact 
directions and the direction change paths 32 from the 
load rolling grooves 23 to the bail return holes 24 are 
tormed to bend and theretore. even when the horizontal 

55 portion 20a of the sliding base 20 is formed thinly, the 
lengths of the direction change paths 32 can be gained 
and the radii of swirling of the balls 3 can be set large by 
those amounts. 
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Further, even when the direction change paths 32 
are formed to bend, according to the linear guide device 
of the embodiment, as a result of Integrating the ball 
connectors 1 shown by Fig. 1 to inside of the endless 
tracks, the ball connectors 1 can pass through the direc- 
tion change paths 32 with no difficulty and smooth for- 
mation of circulation of the ball connectors 1 in the 
endless tracks can be achieved. 

Fifth Embodiment 

- - Next. Fig. 9 and Fig. 10 show a fifth embodiment In 
which a ball connector according to the present inven- 
tion is applied to a ball ^iine device. 

In the drawings, notation 50 designates a spline 
shaft where ball rolling grooves are formed, notation 60 
designates a nut member including ball endless tracks 
to which the ball connectors 1 are integrated and fitted 
to the outer periphery of the spline shaft 50 and notation 
3 designates balls rolling between the spline shaft 50 
and the nut member 60 while carrying load and end- 
lessly circulated at inside of the nut member 60. 

Rrst the spline shaft 50 Is formed suljstantially in a 
cylindrical shape and projected streaks 51 along the 
axial direction (direction orthogonal to paper face of Fig. 
9) are formed on an outer peripheral face thereof. The 
projected streaks 51 are arranged at three locations in 
the circumferential direction of the spline shaft 50 at 
equal intervals and ball rolling grooves 52 In a shape of 
a circular arc are formed respectively on both side faces 
of each of the projected streaks 51 . 

Further, the nut member 60 is formed in a cylindri- 
cal shape and is provided with a key groove 61 on an 
outer peripheral face thereof for fixing the nut member 
60 to a movable body and In the meantime, load rolling 
grooves 62 in a shape of a circular arc opposed to the 
ball rolling grooves 52 of the spline shaft 50 are formed 
on an Inner peripheral face thereof. A total of three sets 
of the load rolling grooves 82 are formed with a pair of 
the load rolling grooves 62 contiguous to each other as 
one set and the projected streak 51 of the spline shaft 
50 is disposed between the pair of load rolling grooves 
62 provided to each set. 

Further, a bail return hole 63 In correspondence 
with each of the load rolling grooves 62 is formed at the 
vicinity of the inner peripheral face of the nut member 60 
and the ball 3 which has finished rolling on the load roll- 
ing groove 62 and relieved of load is rolled in a direction 
reverse to a direction of rolling on the load rolling groove 
62. Four streaks of guide grooves 64 are formed at 
inside of the ball return hole 63 In the longitudinal direc- 
tion, the connecting portions 5 of tiie ball connector 1 
under an unloaded state are guided by the guide 
grooves 64 and meandering of the ball connector 1 at 
inside of the ball return hole 63 is prevented. 

Further, ball guide portions 65 are formed on the 
inner peripheral face of the nut member 60 contiguous 
to the load rolling grooves 62 and the connecting por- 
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tions 5 of the ball connector 1 under a loaded state 
between the nut member 60 and the spline shaft 50 are 
guided to be brought into sliding contact with the ball 
guide portions 65. 

5 The nut member 60 is fabricated by utilizing injec- 
tion molding of synthetic resin. That is, the nut member 
60 is formed by padding a resin portion 67 by Injection 
mowing to the inner peripheral face of a nut main body 
66 made of metat formed by machining, while portions 

10 requiring mechanical strength such as ttie key groove 
61, the load rolling grooves 62 and the like mentioned 

before are formed at the nut main body 66. pbrtibhs 

where mechanical strength Is not Important such as the 
ball return holes 63, the ball guide portions 65 and so on 

75 are formed by syntiietic resin and light weight formation 
of the nut member 60 is achieved as light as possibrie. 

The ball connectors 1 are integrated to tiie tall end- 
less tracks of the nut member 60 and tiie ball endless 
tracks are completed by fixing lids 80 made of synthetic 

20 resin to both of forward and rearward end faces of the 
nut member. That is, as shown by Fig. 10. when the lids 
80 are fixed to the nut member 60. the load rolling 
grooves 62 and tiie ball retum holes 63 are connected 
by direction change paths 81 in a U-like shape formed 

25 at tile lids 80 by which the ball endless track circulating 
ttie load rolling groove 62 /E the ball direction change 
path 81 /E the ball return hole 63 /E the ball direction 
change path 81 /E the load rolling groove 62 is com- 
pleted. 

30 Further, according to the ball spline device of tiie 
embodiment constituted as described above, when the 
nut member 60 Is moved on the spline shaft 50, the balls 
3 are rolled on tiie load rolling grooves 62 of the nut 
member and the ball rolling grooves 52 of the spline 

35 shaft 50 and tiie ball connectors 1 are circulated at 
Insldes of the endless tracks formed in the nut member 
60. 

In this case, according to the t>all spline device of 
the embodiment, to avoid magnification of the nut mem- 

40 ber, the position of forming tiie ball return hole 63 con- 
stituting the ball endless track is disposed at the vicinity 
of the inner peripheral face of the nut member and is not 
disposed in a direction where the bail rolling groove 52 
of tine spline shaft 50 and the load rolling groove 62 of 

45 the nut member 60 are opposed to each other, tiiat is. 
the ball contact direction. That is, also in this embodi- 
ment, the direction change patiis 81 of the lids 80 for 
communicating and connecting the load rolling grooves 
62 with the ball return holes 63 are formed to deviate 

so from the ball contact directions. 

However, the bail connector 1 adopts the structure 
where it is easy to flex compliantly in any direction as 
described above and therefore, according to the ball 
spline device of the embodiment, even in the case 

55 where the direction change paths 81 are formed to 
bend, it can pass tiirough the direction change paths 81 
with no difficulty and smooth formation of circulation of 
the ball connector 1 at inside of the endless track can be 
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achieved. 

Sixth Errtoodiment 

Fig. 1 1 shows a sixth embodiment of a ball screw 
device to which the ball connector is applied. 

In the drawing, notation 110 designates a screw 
shaft where a ball rolling groove 111 in a spiral shape is 
formed with a predetermined lead, notation 120 desig- 
nates a nut member having an endless track to which 
the ball connector 1 Is integrated and in mesh with the 
screw shaft 110 and the nut member 120 Is moved in 
the axial direction of the screw shaft 1 1 0 by relative rota- 
tion between the screw shaft 110 and the nut member 
120. Further, according to the ball screw device, two 
streaks of the ball rolling grooves 1 1 1 are formed to the 
screw shaft 110 and the nut member 120 Is also pro- 
vided with two of the endless tracks to which the ball 
connectors 1 are integrated. 

In this case, the nut member 120 is constituted by a 
nut main body 121 made of steel and a pair of lids 130 
made of synthetic resin fixed to both of forward and 
rearward end faces of the nut main tx)dy 121 and the 
endless tracks of the balls 3 are completed by f being the 
lids 130 to the nut main body 121 . 

As shown by Fig. 12 and Fig. 13. the nut main body 
121 is formed in a cylindrical shape having a through 
hole 122 of the screw shaft 110 at its center and a 
flange portion 123 is projected from an outer peripheral 
face thereof for fixing the nut main body 121 to a mova- 
ble body such as a table or the like. Further, load rolling 
grooves 124 in a spiral shape opposed to the bail rolling 
grooves 1 1 1 of the screw shaft 1 10 are formed at the 
inner peripheral face of the through hole 122 and the 
balls 3 are rolled between the ball rolling groove 1 1 and 
the load rolling groove 124 while carrying load. The load 
rolling groove 124 is formed in a so-to-speak Gothic 
arch shape where two ball rolling faces are intersected 
and an escape groove 125 for incorporating the belt 
member 5 of the ball connecting body 1 1s formed at the 
deepest portion of the groove. 

Further, two of ball return holes 126 are perforated 
in the nut main body 121 along the axial direction. Four 
streaks of guide grooves 126a for guiding the belt mem- 
bers 5 of the ball connector 1 are formed at the inner 
diameter of the ball return hole 126 along the longitudi- 
nal direction and in the meantime, recess portions 126b 
are formed at both end opening portions thereof for fit- 
ting positioning bosses of return pieces 131 , merttioned 
later. Incidentally, in Fig. 12, notation 127 designates 
bolt attaching holes opened at the flange portion 123 
and notation 128 designates tap holes with which 
screws for attaching the lids 130 are brought in mesh. 

Meanwhile, the respective lids 130 fixed to the both 
ends of the nut main t>ody 1 21 . are constituted by a pair 
of the return pieces 131 having direction change paths 
140 for communicating and connecting the load rolling 
grooves 124 of the nut main body 121 with the ball 



return holes 126 and cover members 132 fix^ to end 
portions of the nut main body 121 in a state where the 
return pieces 131 are held. 

As shown by Fig. 14 and Fig. 15, In the cover mem- 

5 ber 1 32. a through hole 1 33 in correspondence with the 
through hole 122 of the nut main body is formed and 
recess portions 134 substantially in a shape of a fan for 
accommodating the return pieces are formed at two 
locations interposing the through hole 133. Further, on 

10 the inner peripheral face of the through hole 133. intro- 
ductory paths 135 for guiding the balls 3 which roll out 
from the load rolling faces 1 24 of nut main body 1 21 into 
the direction change paths 140 of the return piece 131 
are formed and guide grooves 1 36 for guiding the belt 

75 members 5 of the ball connectors 1 are formed also in 
the introductory paths 135. Incidentally, notation 137 in 
Fig. 14 designates attaching holes of attaching screws 
screwed to the nut main body 121 . 

Further, as shown by Fig. 16 and Fig. 17, the return 

20 piece 131 fitted to the recess portbn 134 of the cover 
member 132. is constituted by a pair of a first piece 
131a and a secortd piece 131b fitted to the recess por- 
tion 134 in mutually overlapped state and the direction 
change path 140 is completed by overlapping the 

25 pieces 131a and 131b. The respective pieces 131a and 
131b are fabricated by injection molding of synthetic 
resin, recessed streak grooves 140a and 140b having 
the section in a substantially semicircular shape pro- 
duced by dividing in two the direction change path 140 

30 along the longitudinal direction, are respectively formed 
at the surface of the first piece 131a and the rear face of 
the second piece 131b and further, guide grooves 141a 
and 141b for guiding the belt members 5 of the ball con- 
nector 1 are similarly formed respectively at the 

35 recessed streak grooves 1 40a and 140b. 

As shown by Fig. 16, on the inner diameter side of 
the return piece 131, the direction change path 140 is 
extended In the tangential direction of the through hole 
133 of the cover member 132 and in the meantime, as 

40 shown by Fig. 17, on the outer diameter side, the direc- 
tion change path 140 rises to the surface side of the 
second piece 138b Thereby, the ball 3 which has fin- 
ished rolling on the load rolling groove 124 of the nut 
main body 121 , is smoothly introduced into the direction 

45 change path 140 via the introductory path 135 of the 
cover member 132 and in the mearTtime, the direction of 
rolling is changed from the radius direction to the axial 
direction of the nut member 120 and the ball 3 is sent 
smoothly to the ball return hole 126 of the nut main body 

50 121. 

Further, projected pieces 142a and 142b in a semi- 
circular shape are projected on surfaces of the respec- 
tive pieces 131a and 131b in correspondence with the 
direction change path 1 40 and when the first piece 131a 
55 and the second piece 131b overlap, the projected 
pieces 142a and 142b are combined by which the posi- 
tioning boss 142 of the return piece 131 is completed at 
an end portion of the direction return path 140. 
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Further, the pieces 131a and 131b are fitted to the 
recess portion 134 of the cover member 1 32 in an order 
from the first piece 130a and the cover member 132 is 
fixed to the nut main body 121 such that the second 
piece 131b is brought into contact with the nut main 
body 121 by which attachment of the lid 130 to the nut 
main body 121 is completed. Thereby, as shown by Fig. 
18, the load rolling groove 124 of the nut main body 121 
and the ball return hole 126 is communicated and con- 
nected by the direction return path 140 and the endless 
track of the balis 3 is completed in the nut member 120. 
In t h i s case, by fitting the positioning boss 142 formed at. 
the return piece 131 to the recess portion 126b formed 
at the end portion of the bail return hole 126 of the nut 
main body 121. the positional relationship between the 
nut main body 121 and the lid 130 Is made proper and 
smooth formation of rolling the balls 3 between the ball 
return hole 126 and the direction change path 140 is 
ensured. Incidentally, Fig, 18 perspectively views the lid 
130 mounted to the nut main body 121 from the axial 
direction of the screw shaft 110. 

According to the ball screw device of the embodi- 
ment constituted as described above, when the screw 
shaft 110 is rotated relative to the nut member 120, the 
balls 3 integrated to the ball connector 1 roll on the load 
rolling groove 124 of the nut member 120 and the ball 
rolling groove 111 of the screw shaft 110 and the ball 
connector 1 is circulated at Inside of the endless track 
formed in the nut member 120. 

In this case, according to the ball screw device of 
the embodiment, the ball connector 1 is wound spirally 
on the outer periphery of the screw shaft 110 and 
accordingly, the ball connector 1 is. circulated in the end- 
less track while being accompanied with twist. However, 
the ball connector 1 of the embodiment adopts the 
structure where It is easy to flex and easy to twist com- 
pliantly in any direction as mentioned above and 
accordingly, the ball connector 1 can be circulated on 
the endless track of the nut member 120 with no diffi- 
culty and smooth formation of circulation of the ball con- 
nector 1 In the endless track can be achieved. 

Further, even when the ball connector 1 Is fre- 
quently flexed or twisted, according to the ball connector 
1 of the embodiment, the balls 3 are completely 
embraced by the connector belt 2 and accordingly, the 
balls 3 do not come off the ball connector 1 and accident 
of detaching the balls 3 from the endless track can be 
prevented beforehand. 

Seventh Embodiment 

Fig. 19 shows a seventh embodiment in which a 
ball connector according to the present invention is 
applied to a ball screw device. 

Although according to the sixth embodiment 
described above, the endless tracks of the balls are 
constituted by using the lids fixed to both of the fonnard 
and rearward end faces of the nut main body and the 
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ball connectors shown by Fig. 1 are integrated into the 
endless tracks, according to the embodiment, an end- 
less track of balls is constituted by a return pipe fixed to 
a nut member and the ball connector 1 the same as that 
5 in the sixth embodiment is integrated to the endless 
track. 

In the drawing, notation 160 designates a screw 
shaft where a ball rolling groove 151 in a spiral shape is 
formed, notation 152 designates a nut member where a 
10 load rolling groove 1 53 opposed to the above-described 
ball rolling groove 151 is formed and notation 154 des- 
— ignates a return pipe fixed to the nut member 1 52rThe 
return pipe Is fixed to the nut member 152 to skip sev- 
eral turns of the ball rolling groove 151 of the screw 
15 shaft and the balls 3 scooped up by an end portion of 
the return pipe 154 from the ball rolling groove 151 of 
the screw shaft 150. roll at inside of the return pipe 154 
and sent into the ball rolling groove 151 ahead of sev- 
eral turns by which the balls 3 are endlessly circulated 
20 at inside of the nut member 1 52. 

As shown by Figs. 20(a) and 20(b), the return pipe 

154 is constituted by combining a pair of pipe halves 

1 55 the section of each of which is formed substantially 
In a semicircular shape and the respective pipe halves 

25 155 are fabricated by injection molding of synthetic 
resin. Further, a recessed streak groove 156 constitut- 
ing a ball return path is formed at each of the pipe 
halves 155 and in the meantime, guide grooves 157 for 
guiding the belt members 5 of the ball connector 1 are 

30 formed at the recessed streak groove 1 56. 

Further, also in the case of the ball screw device 
according to the embodiment constituted as described 
above, the ball connector 1 integrated to the endless 
track of the nut member 152 is provided with a structure 

35 Where It is easy to flex and easy to twist compliantly in 
any direction and accordingly, it can be circulated on the 
endless track of the nut member 152 with no difficulty 
and smooth formation of circulation of the ball connector 
1 in the endless track can be achieved. 

40 Further, the ball connector 1 is circulated at inskie 
of the endless track under a state where the belt mem- 
bers 5 are fitted to the guide grooves 157 of the retum 
pipe 154 and accordingly, when the balls 3 approach 
the return pipe 154, they are drawn Into the return pipe 

45 1 54 by being pulled by the connector belt 2 constituting 
the ball connector 1 and accordingly, the balls 3 go into 
and come out from the return pipe 154 smoothly and cir- 
culation of the balls 3 in the endless track can be carried 
out smoothly also thereby. 

50 

Eighth Embodiment 

Next. Fig. 21 shows an eighth embodiment to which 
the ball connector according to the present invention is 
55 applied to a ball screw device. 

According to the eighth embodiment, in place of the 
return pipe 154 used in the seventh embodiment 
described above, a deflector 160 is fixed to the nut 
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member 152, the endless track of the balls 3 is consti- 
tuted by using the deflector 160 and the above- 
described ball connector 1 is integrated to the endless 
track Other constitution is quite the same as that in the 
seventh embodiment described above and accordingly, 5 
the same notations are attached thereto in Fig. 21 and 
a detailed explanation thereof will be omitted. 

As shown by Fig. 21 . the deflector 160 is fixed to the 
nut member 152 to skip one turn of the ball rolling 
groove 1 51 of the screw shaft 1 50, the progress path of 10 
the balls 3 rolled out of the ball rolling groove 151 is 
changed by the deflector 160 and the balls 3 are 
returned to the bail rolling grooves 151 ahead of one 
turn by riding over the outer diameter of the screw shaft 
150 by which the balls 3 are endlessly circulated at is 
inside of the nut member 152. Further, three of the 
deflectors 160 are fixed to the nut member 152 in this 
embodiment to divide the circumference of the nut 
member 1 52 into three and a total of three tracks of end* 
less tracks of the bails 3 are formed. Accordingly, three 20 
of the bait connectors 1 are integrated to the nut mem- 
ber 152. 

Fig. 22 through Fig. 24 show a detailed structure of 
the deflector 160. 

The ball return groove 161 substantially in a shape 25 
of an S-like streak is formed in the deflector 160 and 
guide grooves 1 62 for guiding the belt members 5 of the 
ball connector 1 are formed at the center and the both 
sides of the ball return groove 161. Further, the ball 
return groove 161 is provided with a shape where it is 30 
recessed mostly at the central position of the deflector 
160 such that the balls 3 progressing into the ball return 
groove 161 can ride over the outer diameter of the 
screw shaft 150. 

Further, also in the ball screw device of the embod- 35 
iment constituted as described above, the ball connec- 
tor 1 is provided with the structure where the ball 
connector 1 integrated to the endless track of the nut 
member 1 52 is easy to flex and easy to twist conpliantly 
In any direction and accordingly, the ball connector 1 40 
can be circulated on the endless track of the nut mem- 
ber 152 with no difficulty and smooth formation of circu- 
lation of the ball connector 1 at inside of the endless 
track can be achieved. 

Further, also in this embodiment, the ball connector 45 
1 is circulated at inside of the endless track under a 
state where the belt members 5 are fitted to the guide 
grooves 161 of the deflector 160 and accordingly, when 
the balls 3 approach the deflector 160. they are drawn 
into the deflector 1 60 from the ball rolling groove 1 51 of so 
the screw shaft 150 by being pulled by the connector 
belt 2 and accordingly, the motion of the balls 3 in riding 
over the outer diameter of the screw shaft 150 is made 
smooth and the circulation of the balls 3 in the endless 
track can be carried out smoothly also thereby. ss 



Industrial Applicability 

As has been explained above, the ball connector 
according to the present Invention is provided with the 
structure in which the connector belt is formed in the 
shape where it is constricted among the balls contigu- 
ous to each other which is easy to flex conpliantly in 
any direction and which is easy to absorb twist operated 
on the ball connector and accordingly, when the ball 
connector is integrated to a ball endless track of a linear 
guide device, a ball screw device or the like, it can be 
used by being flexed or twisted freely and the ball con- 
nector can be circulated smoothly in the endless track 
even under such a state of use. 

Further, according to the ball connector of the 
present invention, the balls integrated thereto are under 
a state where they are completely embraced by the con- 
nector belt and even in the case where the l>all connec- 
tor is flexed or twisted considerably, the balls do not 
come off the connector belt and therefore, by integrating 
the ball connector into the ball endless track of a linear 
guide device, a ball screw device or the like, the bails 
can be prevented from coming off the endless track 
without using a ball retainer. 

Claims 

1. A ball connector comprising a number of balls 
arranged in one row at predetermined intervals and 
a flexible connector belt for rotatabty holding the 
balls and connecting together the balls contiguous 
to each other, said connector belt comprising: 

four of belt members formed in a strip-like 
shape along peripheral faces of the balls and 
brought into contact with the plurality of balls; 
and 

wherein the belt members are con- 
nected mutually with other ones of the belt 
members at intermediaries of the balls contigu- 
ous to each other and the connector belt is 
formed in a shape constricted in comparison 
with an outer diameter of the ball at positions of 
the intermediaries connecting the balls. 

2. The ball connector according to Claim 1 , wherein 
the connector belt is arranged with the belt mem- 
bers to divide the spherical face of each of the balls 
in four. 

3. A linear guide device utilizing the ball connector 
according to Claim 1, said linear guide device com- 
prising: 

a guide shaft having t^ll rolling grooves for roll- 
ing balls in a longitudinal direction; 
a slide member having load rolling grooves for 
rolling the balls while carrying a load between 
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the guide shaft and the load rolling grooves, 
having endless tracks for circulating the balls 
and moved along the guide shaft in accordance 
with circulation of the balls; and 

wherein the ball connector according to 
Claim 1 Is integrated to one of the endless 
tracks and the ball connector is circulated in the 
endless track in accordance with a relative 
movement between the guide shaft and the 
slide member. 
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4. The linear .guide device according to Claim 3r- 
wherein each of the ball rolling grooves of the guide 
shaft and the load rolling grooves of the slide mem- 
ber is provided with a section in a shape of a Gothic is 
arch where a pair of ball rolling faces are irrter- 
sected and escape grooves for incorporating and 
guiding connecting portions of the ball chain are 
formed at a deepest portion of each of the ball roll- 
ing grooves and the load rolling grooves in the 20 
shape of the Gothic arch. 

5. The linear guide device according to Claim 3, 
wherein each of the ball rolling grooves of the guide 
shaft and the load rolling grooves of the slider is 25 
provided with a section In a shape of a circular arc 
comprising a single ball rolling face. 

6. A ball screw device utilizing the ball connector 
according to Claim 1, said ball screw device com- 30 
prising: 

a screw shaft having ball rolling grooves in a 
spiral shape for rolling balls at an outer periph- 
eral face thereof; 35 
a nut member having load rolling grooves in a 
spiral shape for rolling the balls while carrying a 
load between the screw shaft and the load roll- 
ing grooves, having endless tracks for circulat- 
ing the balls and screwed to the screw shaft via 40 
the balls; and 

wherein the ball connector according to 
Claim 1 is Integrated to one of the endless track 
and the baW connector is circulated in the end- 
less track in accordance with a relative move- 45 
ment between the screw shaft and the nut 
member. 
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